Background: A patellar dislocation is a common knee injury in the young, athletic patient population. Recent trends indicate that the use of long-term nonoperative treatment is decreasing, and surgical intervention is more commonly recommended for those patients who fail initial nonoperative management with recurrent patellar dislocations. Medial patellofemoral ligament (MPFL) reconstruction has become increasingly utilized in this regard.
The selection of appropriate surgical procedures is dependent on the underlying pathophysiology of patellar instability, which is often anatomic in nature. There is a clear association between lateral patellar dislocations and medial soft tissue injuries. 42 To address the pathological changes associated with patellar instability, medial patellofemoral ligament (MPFL) reconstruction is frequently recommended. 38 Since Ellera Gomes 15 reported that MPFL reconstruction is the preferred surgical treatment for recurrent patellar instability, this procedure has been implemented on a large scale both in isolation and in combination with other procedures to correct soft tissue imbalance or bony malalignment. 65 Recently, investigators have reported that isolated MPFL reconstruction may yield better postoperative outcomes in patients without significant anatomic abnormalities when compared with combined procedures. 17 After surgery, clinicians have traditionally utilized time, ROM, strength, and subjective measures as guidelines for return-to-sports criteria. 2, 8, 25, 68 In a review by Fisher et al, 19 77.3% of athletes returned to sports at their preinjury level after MPFL reconstruction. Recent reviews by Tompkins and Arendt 69 and Matic et al 33 have reported redislocation and failure rates of 1% and 6.6%, respectively, after MPFL reconstruction. However, because of the wide variety of concomitant procedures that are often performed with MPFL reconstruction, as well as the variability in reported outcome measures, many previous reviews have evaluated heterogeneous populations. 69 Consequently, it is difficult to draw conclusions relative to the efficacy of the various surgical treatments for patellar instability.
To our knowledge, there are currently no published studies that systematically evaluate both subjective and clinical outcomes after true isolated MPFL reconstruction for the treatment of recurrent patellar instability. The purpose of the current systematic review was to summarize the existing knowledge of the treatment of patellar instability with isolated MPFL reconstruction, including patient selection criteria and outcomes associated with this procedure, specifically recurrent instability and return to sports.
METHODS
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed when conducting and reporting this review and meta-analysis.
Literature Search
A systematic review of the current literature was performed on July 29, 2015, using the terms ''medial patellofemoral ligament reconstruction'' and ''MPFL reconstruction'' in the electronic search engines PubMed and EBSCOhost (CINAHL, MEDLINE, SPORTDiscus). The searches were limited to articles written in English, and they yielded 1113 abstracts for review. The full text of an article was obtained if the title and abstract discussed MPFL reconstruction without the mention of concomitant surgical procedures, multiligamentous damage, Ehlers-Danlos syndrome, or Marfan syndrome. The inclusion and exclusion criteria described in Figure 1 were applied to 86 full-text articles.
The references listed in recent reviews were also examined to determine the potential for inclusion. 16, 19, 33, 53, 62, 69, 75 In addition to the electronic searches, experts in the field Inclusion Criteria 1 . Articles must report results data on a cohort in which all patients received isolated MPFL reconstruction for chronic/recurrent patellar instability OR report results on each cohort such that those who do not meet the criteria can be excluded and statistics can be recalculated 2. Articles must report episodes of instability/subluxation and/or redislocation following MPFL reconstruction Exclusion Criteria were contacted for further article suggestions and to attempt to identify pertinent unpublished studies. Corresponding authors of articles were contacted for additional information as needed. References from the included articles were also reviewed to ensure that all articles meeting inclusion criteria were identified. At the conclusion of the search, 14 articles met the inclusion criteria and were included in this review of the literature. A summary of the literature search process can be seen in Figure 2 .
Risk of Bias Assessment
The Physiotherapy Evidence Database (PEDro) scale and a modified Downs and Black 14 checklist were utilized to measure the methodological quality of the included studies. The PEDro scale is used to assess the quality of randomized controlled trials' methods, while the modified Downs and Black 14 checklist is appropriate for rating nonrandomized studies. The Downs and Black 14 checklist was modified to include only criteria that were relevant to evaluating potential sources of bias in the included studies. This resulted in a checklist of 11 items. Each study was independently assessed by 2 people, and any disagreements were resolved by arbitration and consensus. The results of these assessments are shown in Tables 1 and 2 .
Level of Evidence Method
The Centre for Evidence-Based Medicine's level of evidence was used to evaluate the quality of the current analysis. The level of evidence assesses research design quality. Levels of evidence for each study can be seen in Table 1 .
Data Extraction
The population size was harvested from each study as well as means/medians and ranges for population age and follow-up time. Preoperative and postoperative Tegner and Kujala scores were extracted. The rate at which patients returned to preinjury or higher levels of sports participation was collected. Rates of redislocations and recurrent instability (if reported) were noted, as were rates of positive apprehension signs and reoperations. The following terms were defined as recurrent instability: ''postoperative subluxation'' and ''recurrent patellar instability.'' 40 All episodes of redislocations and recurrent instability were combined to calculate the total rate of recurrent instability for a particular study.
Statistical Analysis
Means were calculated for population size, age, follow-up time, and postoperative Tegner scores. Means were calculated using all available data. If a study did not report a specific statistic, it was not included in the calculation of the mean for that respective statistic. If not provided by authors, risks were calculated by using the number of occurrences of an event of interest divided by the number of patients (for return to play) or knees (for redislocations, recurrent instability, positive apprehension signs, and reoperations) in the population. All episodes of redislocations and recurrent instability (subluxations) were added to calculate the total rate of recurrent instability for a particular study. No patients were counted twice in this calculation, as only 1 study 71 reported a single incidence of a redislocation, and this study did not report the incidence of subluxations. Postoperative Kujala scores, return to play, total risk of recurrent instability, risk of positive apprehension sign, and risk of reoperation were analyzed using a random-effects proportion meta-analysis (weighted for individual study size) using OpenMeta[Analyst] (Centre for Evidence-Based Medicine). Individual study means and pooled estimates of postoperative Kujala scores for individual studies were summarized in a forest plot for all studies that reported means 6 SDs for this metric. Proportions of return to play, recurrent instability, positive apprehension sign, and reoperation for individual studies and pooled estimates were also summarized in forest plots for all studies that reported these data. subluxations occurred at a rate of 10.7%, while the apprehension sign was positive in 12.5% of knees. Reoperation was required in 3.6% of knees: one because of painful hardware and one because of stiffness. Function was assessed via Tegner scores and a single-legged hop test for distance.
Summary of Included Studies
Preinjury and postoperative mean Tegner scores were 6.1 and 5.6, respectively. The majority of participants were able to hop .75% of the distance with the involved limb compared with the uninvolved limb, with 19 patients .90% and 11 patients from 76% to 89%. However, only The Physiotherapy Evidence Database (PEDro) scale is optimal for evaluating randomized controlled trials; therefore, it should be interpreted with caution in the studies included here, as they are nonrandomized. PEDro criterion 1 is not counted toward the total score according to the Physiotherapy Evidence Database guidelines. b Scale items: 1 = eligibility criteria specified; 2 = random allocation of participants; 3 = allocation concealed; 4 = similar groups at baseline; 5 = blinding of participants; 6 = blinding of intervention providers; 7 = blinding of outcome assessors; 8 = outcomes obtained from 85% of participants; 9 = use of intent-to-treat analysis if protocol violated; 10 = between-group statistical comparison; and 11 = point measures and measures of variability. ''1'' indicates a ''yes'' score, and ''0'' indicates a ''no'' score. 45 1 46 1 73 1
Only criteria relevant to the included studies were used here; therefore, several criteria were excluded, yielding a checklist of 11 items with a maximum total of 11. b Included checklist items: 1 = clear aim; 2 = outcomes described; 3 = participants described; 6 = main findings clearly described; 7 = estimates of random variability; 10 = probability values reported; 11 = subjects asked to participate in the study represent the source population; 12 = subjects who were included in the study represent the population from which they were recruited; 16 = planned data analysis; 18 = appropriate statistics; and 27 = power calculation. ''1'' indicates a ''yes'' score, and ''0'' indicates a ''no'' score. 39 of 56 operated knees underwent hop testing as bilateral surgeries were excluded, and some patients were unable or refused to perform the test.
Deie et al. Deie et al 12 reported results from a case series (n = 29; 31 knees) in which patients underwent anatomic MPFL reconstruction with a cylindrical bone plug and a semitendinosus tendon graft. There were no redislocations after reconstruction and rehabilitation in the population. The mean Kujala score for the population was 94.5, and all patients in the study population returned to their preinjury level of competition in high-risk sports such as tennis and volleyball. The apprehension sign remained positive in 1 knee (3.2% of population), and this knee subsequently underwent lateral retinacular reconstruction (3.2% reoperation rate). The authors noted that this patient had severe dysplasia of the femoral condyle and osteoarthritis before surgery, and they noted that he/she might be better suited for a combined procedure rather than isolated MPFL reconstruction.
Ellera Gomes. Ellera Gomes 15 published results (n = 12) comparing rigid and dynamic approaches to MPFL reconstruction using an adductor magnus tendon graft and a split half semitendinosus graft, respectively. Results from the half semitendinosus tendon graft group alone are reported in this review, as the adductor magnus tendon graft group underwent concomitant lateral retinacular release. No redislocations or subluxations occurred during the period between reconstruction and follow-up (minimum of 30 months). No data on reoperations were reported, although it was noted that no patients had any hematomas, infections, or thromboembolic events. All 8 athletes in this group returned to recreational sports after reconstruction and rehabilitation. Descriptions of the sports to which patients returned were not reported.
Feller et al. Feller et al 17 published results from an observational study (n = 31) comparing isolated MPFL reconstruction to a combined procedure involving both reconstruction and an additional stabilization procedure at a minimum of 1 year after surgery. All of the isolated reconstructions were performed with either a semitendinosus or gracilis graft (if the gracilis was large enough). No patients in the isolated MPFL reconstruction group suffered a redislocation or subluxation, and there were no reoperations. The patients returned to sports after isolated surgery at a rate of 80.8%, with 65.4% returning to ''strenuous'' sports and 15.4% returning to ''moderate'' sports. Unfortunately, descriptions of these sports were not defined by the authors. A majority of the patients who resumed sports participation did so at a high frequency, with 90.5% of those who returned participating in sports at least weekly. The questionnaire regarding return to sports activities was not completed by 5 patients, although these patients' clinical follow-up data (all 1 year) were collected and used to calculate rates of recurrent patellar instability.
Fink et al. Fink et al 18 reported on a case series of patients (n = 17) who underwent isolated MPFL reconstruction with a quadriceps tendon graft at 12 months' follow-up. There were no postoperative complications or redislocations, and no patients underwent reoperations. The mean postoperative Kujala score was 89.2. The mean preoperative and postoperative Tegner scores were 4.8 and 5.0, respectively. Data were not provided on sports participation.
Goyal. A case series (n = 32) published by Goyal 22 reported the outcomes of MPFL reconstruction using a graft made from the superficial slip of the quadriceps tendon. No patients suffered redislocations or subluxations postoperatively, and there were no reoperations at a mean of 38 months' follow-up. The mean postoperative Kujala score was 91.3 for the population. Postoperative activity levels were not assessed, and data on return-to-play rates were not reported.
Kang et al. Kang et al 27 reported a case series (n = 45) of patients who underwent MPFL reconstruction with a horizontal Y-shaped semitendinosus graft. There were no redislocations or subluxations sustained during follow-up. In addition, no postoperative complications were observed, and no patients had positive apprehension signs after reconstruction. The mean postoperative Kujala score was 90.9. Sports participation was not considered in this study.
Matthews and Schranz. Matthews and Schranz 34 published results from a case series (n = 21; 25 knees) of patients who underwent MPFL reconstruction with either a semitendinosus or gracilis autograft. No redislocations were observed in the population, but 1 patient was lost to follow-up. The reoperation rate was 28.0%, with 5 patients requiring manipulation under anesthesia to regain adequate ROM of knee flexion. The mean postoperative Kujala and Tegner scores were 87.0 and 4.4, respectively. While no data were provided on how many patients participated in sports before the injury, 3 patients were playing competitive sports at follow-up. The length of follow-up ranged from 3 to 87 months. The incidence of redislocations increased with time after surgery, 23 so the lack of redislocations in this population may not be an accurate representation of global redislocation rates because of the variability in follow-up times.
Mulliez et al. Mulliez et al 40 conducted a prospective cohort study (n = 86; 91 knees) and published results comparing isolated MPFL reconstruction to a combined procedure involving reconstruction and tibial tuberosity transfer. Reconstructions were performed with gracilis autografts unless the size of the gracilis was not adequate, in which case the semitendinosus was harvested as a graft source. No redislocations were noted in those patients who underwent isolated MPFL reconstruction. The mean postoperative Kujala score was 74.7, which is the lowest absolute score in the studies included in this review. Complications such as recurrent instability and reoperations were not reported or were given as total population rates, which included the group that underwent combined surgery. As these rates are not specific to isolated MPFL reconstruction, they are not included here. There were no redislocations observed in the cohort after surgery and rehabilitation. The incidence of postoperative subluxations in the population was not reported. One patient sustained a displaced patellar fracture after direct trauma at 4 months postoperatively, which was surgically corrected, indicating that the study population had a reoperation rate of 2.2%. The mean postoperative Kujala score was 86.8 for the total population; however, 4 patients with significant (Outerbridge stage 4) chondral damage may have decreased this figure, as the mean score in this subset was 45.7. After postoperative rehabilitation, 64% of patients returned to sports at their preinjury level of competition (21 patients to recreational sports, 8 to regional or national-level sports). Additionally, of the patients who returned to a reduced level of sports or changed sports, 16% did so for reasons unrelated to their MPFL reconstruction, and the remaining 20% did so because they did not feel as though reconstruction improved their function to an appropriate level.
Wagner et al. Wagner et al 71 published a case series (n = 50) in which patients underwent MPFL reconstruction with a gracilis autograft with a minimum follow-up of 12 months. One redislocation occurred after surgery, for a redislocation rate of 2%. Subluxations and subjective instability were not reported. The reoperation rate within the population was 4.0%, with 2 patients requiring operative revision. The mean postoperative Kujala score for the population was 87.0, and 80% of patients returned to the same or greater level of sports activity relative to their preinjury sports activity.
Witonski et al. Witonski et al 73 reported a case series (n = 10) of patients who underwent MPFL reconstruction using the medial strip of the autologous patellar tendon as a graft with a minimum 2-year follow-up. No redislocations or deterioration of knee function were observed after reconstruction. No instances of reoperation were reported. The mean postoperative Kujala score for the population was 84.4. Data regarding sports participation were not reported by the authors, and the relatively small sample size makes it difficult to draw global conclusions from this study alone.
RESULTS
The mean PEDro score was 3.0 (range, 1-6), and for the modified Downs and Black 14 checklist, the mean number of items rated was 8.1 (range, 3-10). The PEDro scores were low relative to the maximum possible total score of 10 because of the nonrandomized nature of all but 2 of the included studies. 1, 34 From the Downs and Black 14 checklist, many studies did not report probability values, and no studies performed a power calculation. The specific criteria used to select patients for isolated MPFL reconstruction for each study are presented in Table 3 . The data extracted from all studies included in the review, as well as all calculated means, are presented in Table 4 . The total mean population size of all 14 studies was 36 participants, with a mean age and follow-up of 24.4 years and 36.8 months, respectively. The mean postoperative Tegner score was 5.7, calculated from 4 studies. Preinjury and preoperative Tegner scores were each reported in 2 studies. The pooled proportion of athletes who returned to sports after surgery was 84.1% (95% CI, 71.1%-97.1%) ( Figure  3 ). The pooled estimated mean from 7 studies that reported means 6 SDs for the postoperative Kujala score was 85.8 (95% CI, 81.6-90.0; I 2 = 92%) ( Figure 4 ). The pooled total risk of recurrent instability after surgery was 1.2% (95% CI, 0.3%-2.1%; I 2 = 0%) ( Figure 5) . Also, 5 studies reported the frequency at which patients exhibited a positive apprehension sign during follow-up; the pooled risk from these studies was 3.6% (95% CI, 0%-7.2%) ( Figure 6 ). Finally, 9 studies reported reoperation data in which the pooled reoperation risk was 3.1% (95% CI, 1.1%-5.0%) ( Figure 7 ).
DISCUSSION
A patellar dislocation is a common injury sustained by young, active patients, with nearly 70% of dislocations occurring during sports activities. 20, 43, 44, 50, 55, 56, 63 The risk of redislocations after treatment and rehabilitation has been reported from 0% to 71% in young athletes. 43 Recently, surgical reconstruction of the MPFL has gained popularity in the treatment of patellar dislocations, particularly in the setting of recurrent dislocations and/or chronic instability. 62 While previous literature has addressed the outcomes after MPFL reconstruction, methodologies of various studies have differed greatly, as many studies have included within their populations patients who underwent additional surgical procedures. 69 This systematic review is intended to determine patient-reported outcomes, return-to-play rates, and the incidence of recurrent instability after isolated MPFL reconstruction in the treatment of recurrent patellar dislocations. Overall, 84.1% of athletes returned to their preinjury level of sports participation after surgery ( Figure  3) , and the pooled risk of recurrent instability after surgery was 1.2% ( Figure 5 ).
The included studies evaluated a wide variety of patient populations, as shown by the criteria in Table 3 . Common criteria include the failure of nonoperative treatment, an absence of malalignment, and a lack of severe cartilage damage and/or trochlear dysplasia. Specific anatomic features such as quadriceps angle (Q angle), tibial tuberositytrochlear groove (TT-TG) distance, trochlear angle, and the Insall-Salvati index were also utilized in multiple studies. Wagner et al 71 utilized lenient criteria for the selection for surgery to study the relationships between some of the aforementioned features and outcomes after MPFL reconstruction. The investigators reported that patients with grade III Gomes 15 Dislocation and/or subluxation and ''exhausted nonoperative treatment strategies''; no genu valgum, obesity, or severe patellofemoral crepitus Feller et al 17 Recurrent subluxation; ISI \1.4; TT-TG distance \21 mm; no J-tracking Fink et al 18 Skeletally mature; .2 dislocations; TT-TG distance \20 mm; no chondral injuries ICRS grade .IIIB Goyal 22 Recurrent patellar instability due to predisposing bony causes; first-time dislocation regardless of predisposing bony causes with persistent instability after 1 month of nonoperative treatment Kang et al 27 2 dislocations or instability persisting .3 months after initial dislocation and nonoperative treatment; Q angle \20°(female) or 17°(male); trochlear angle \145°; TT-TG distance \20 mm; ISI \1.2; no patellar dysplasia Wiberg grade IV; no articular cartilage erosion Outerbridge grade .2 Matthews and Schranz 34 2 dislocations; no degenerative patellofemoral osteoarthritis of grades III or IV; TT-TG distance \15 mm; no severe trochlear dysplasia of Dejour types B or C Mulliez et al 40 Recurrent patellar dislocation or ''constant feeling of patellar instability''; failure after 6 months of nonoperative treatment; \45 years old; Caton-Deschamps index \1.2; TT-TG distance \20 mm Panagopoulos et al 45 Posttraumatic patellar instability Panni et al 46 3 dislocations confirmed by radiography or clinical diagnosis and reduction (including manual reduction by nonclinicians); failure after 6 months of nonoperative treatment; Q angle \20°(female) or 17°(male); ISI \1.2; no genu valgum 7°on weightbearing long-leg radiographs; trochlear angle \145°; no patellar dysplasia Wiberg grade IV; no meniscal tears requiring repair; no severe trochlear dysplasia of Dejour types B, C, or D; no J-tracking; TT-TG distance \20 mm Wagner et al 71 Chronic patellofemoral instability Witonski et al 73 History of dislocation ''as a starting point of recurrent lateral patellar instability''; no abnormal pelvic geometry or Q angle; no femoral anteversion; no trochlear dysplasia; no patella alta or baja; no external tibial torsion or hindfoot position a Previous surgery and multiligamentous injuries/laxity were exclusion criteria for this review, and thus, these criteria are not included in the table. ICRS, International Cartilage Repair Society; ISI, Insall-Salvati index; MPFL, medial patellofemoral ligament; MRI, magnetic resonance imaging; Q angle, quadriceps angle; TT-TG, tibial tuberosity-trochlear groove. Population demographic statistics were reported for the total population, which included a group that underwent tibial tubercle transposition as well as medial patellofemoral ligament reconstruction. trochlear dysplasia had significantly worse subjective outcomes as measured by the Kujala score. However, Steiner et al 64 reported excellent results in their cohort of patients, 88% of whom had trochlear dysplasia. The authors noted no correlation between outcomes and the degree of trochlear dysplasia present but did not report how many of their patients had high-grade dysplasia. Taken together, these data suggest that while low-grade dysplasia does not adversely affect the results of isolated MPFL reconstruction, further research is required to clarify the effect of high-grade dysplasia (grade III according to the H. Dejour classification or type D according to the D. Dejour classification) on outcomes. Wagner et al 71 also reported that a TT-TG distance .20 mm was associated with a trend toward worse scores. These findings support the use of these features in the process of selecting a procedure for the treatment of recurrent patellar instability, but future investigations may be necessary to establish a set of criteria that can be adapted on a wide scale.
On average, the reviewed investigations evaluated a small number of patients with a mean population size of 36 patients, and the mean age of patients in all studies was 24.4 years. The mean follow-up time for all studies was 36.8 months. As the incidence of postoperative episodes of instability increases linearly with time from surgery, 1, 23 our results should be interpreted with the understanding that certain studies may have underestimated recurrent instability as a consequence of short follow-up periods. 18, 34, 40, 45, 46, 71 The Tegner activity scale was designed to assess work and sports activity levels and has been validated in cohorts with patellar instability. 10, 59, 66 Only 4 of the 14 included studies utilized the Tegner scale. 11, 18, 34, 45 Two studies 11, 45 had patients fill out the scale retrospectively relative to their preinjury condition and demonstrated higher preinjury scores (6.1 and 4.2) than the other 2 studies, 18, 34 which collected data prospectively on preoperative conditions (4.8 and 3.0). The mean postoperative Tegner score was 5.7, which is similar to the scores of 5.4 and 5.8 found in recent reviews that examined patients' ability to return to sports. 19, 33 Csintalan et al 11 were the only authors to report a decreased mean postoperative Tegner score (5.6) relative to the mean preinjury score (6.1).
Data on the Tegner scale are supported by the pooled return-to-play rate of 84.1% (Figure 3 ). This rate was calculated using data from 5 studies that reported the percentage of patients who returned to sports at their preinjury level after surgery. 12, 15, 17, 46, 71 Rates of 90% and 77.3% have been previously reported in reviews, although neither of these rates has been specific to isolated MPFL reconstruction. 19, 33 Panni et al 46 reported that 64% returned to sports at the same level. They went on to specify that the remaining 36% reduced their sports level either because of reasons related to surgery (20%) or for reasons unrelated to surgery (16%). 46 Although we chose to use the 64% rate in the meta-analysis, if the 7 patients in the Panni et al 46 population who reduced their sports level for reasons unrelated to surgery were excluded, the new return-to-play rate for this study would be 76.3%, and the pooled rate becomes 86.6% (95% CI, 76.0%-97.1%; I 2 = 79%). There is limited evidence in the literature describing the effect of dynamic factors such as strength, balance, power, and neuromuscular performance on clinical outcomes such as returning to sports after patellar dislocations. 26, 30, 48, 49 Studies to this point have focused on the examination of isokinetic knee extension strength, with most finding deficits in both the short term and long term. Even when these deficits are not present, many patients continue to have difficulty with functional activities such as squatting, jumping, cutting, jogging, and running. 2 The role of neuromuscular performance should be further investigated as its association with patellar dislocations is currently unclear, and it may have implications for the prevention of knee injuries, as has been shown by previous investigators. 24 Additionally, there are no studies that the authors are aware of that investigate hip abduction and hip external rotation strength in patients with patellar dislocations. Previous investigators have shown hip strength deficits in athletes with other patellofemoral dysfunctions such as patellofemoral pain syndrome, 3, 41, 61, 70, 72 and greater hip abduction strength may protect against lower extremity injuries. 29 Assessing the association between hip strength and patellar dislocations may be warranted in determining the readiness to return to sports in young athletes.
The Kujala anterior knee pain scale, a knee-specific scale focused on the patellofemoral joint, was the most frequently reported patient-reported outcome measure among the included studies. The scale assesses items such as limping, mobility aid dependency, walking, stair climbing, squatting, running, jumping, prolonged sitting with the knee flexed, pain, swelling, instability, thigh atrophy, and flexion deficiency. The scale is scored from 0 to 100, with low scores representing greater disability. 28 The pooled mean postoperative Kujala score was 85.8. Four studies 12, 34, 45, 73 did not report SDs, and therefore, these studies were not included in the pooled estimate. Mean scores from 12 individual study populations were in the ''good'' category (85-94 points), as proposed by Sillanpaa et al. 57 Only 2 included studies 1, 40 reported scores in the ''fair'' category of 65 to 84. Overall, these data indicate that isolated MPFL reconstruction yields good subjective outcomes, but continued research is needed to effectively review the results from other subjective outcome measures in this patient population.
Redislocations and postoperative instability are potential complications after patellar stabilization. In the included studies, the pooled estimate of all postoperative recurrent instability was 1.2% ( Figure 5 ). This rate is significantly lower than any of those previously reported in reviews including nonisolated MPFL reconstruction procedures such as tibial tubercle osteotomy and lateral retinacular release. In a recent systematic review, investigators reported redislocation and recurrent instability rates of 24.0% and 32.7%, respectively, in patients who were treated operatively with procedures including MPFL reconstruction, MPFL repair, lateral retinacular release, and others for primary dislocations. 16 Additionally, Matic et al 33 conducted a systematic review of return to activity after MPFL repair or reconstruction and reported a 6.6% rate of recurrent instability after reconstruction. An additional review reported a 1% redislocation rate; however, this included studies performing concomitant procedures along with MPFL reconstruction and did not account for other postoperative instances of instability. 69 Lateral retinacular release is often performed concomitantly; however, lateral release procedures may increase postoperative instability, particularly the risk of medial patellar subluxations. 9, 13, 36 Previous investigators have reported rates of medial patellar subluxations from 57% to 94% after lateral retinacular release. 54, 60 Inappropriate surgical indications for lateral release may underlie these poor outcomes. 60 The rate of recurrent instability calculated in the present study does not limit instability to redislocations alone but also includes subluxation and other instability data reported in half of the included studies. In addition, postoperative apprehension (3.6%) ( Figure 6 ) and reoperation (3.1%) (Figure 7) rates were low, with the latter indicating a lack of the need for revision procedures during follow-up. An important technical consideration is the location of femoral tunnel placement. Schottle et al 51 described an anatomic and radiographic landmark for this location. While nonanatomically placed femoral tunnels do not necessarily correlate with poor outcomes, investigators have described negative outcomes after both proximally and/or anteriorly positioned grafts. 7, 35, 52 Proper anatomic tunnel placement may reduce strain on the graft and further minimize the potential for postoperative complications. A patellar fracture is another described complication of MPFL reconstruction. A total of 2 patellar fractures occurred in the aggregated cohort of 510 knees (0.4%). This incidence is similar to previously reported incidences of fractures in reviews with similar population sizes (0.6% and 0.4%). 19, 53 Both fractures in this cohort occurred when transpatellar tunnels were utilized for graft fixation. Previous investigators have reported that direct suture or anchor-based graft fixation or avoiding bone tunnels past the midline of the patella may reduce the risk of this rare, but serious, outcome. 47, 53 The low rates of morbidity and complications indicate that isolated MPFL reconstruction is effective at re-establishing and maintaining patellofemoral stability after recurrent dislocations. Isolated MPFL reconstruction has also been effective in the acute setting as reported by Bitar et al, 5 but further research is needed to confirm this procedure's efficacy in this setting.
While we followed systematic guidelines to complete this review, we do recognize that our efforts have limitations. One included study 12 defined a positive apprehension sign as patellar instability. As the single case of a positive apprehension sign reported in this study required reoperation during follow-up, we chose to be consistent with the investigators' definition and to consider the case as an instance of recurrent instability. Another potential limitation is that some of the reviewed outcome measures were not reported in all of the included studies. Efforts were made to collect missing information when applicable to address this issue. The authors made attempts to contact corresponding authors for the included studies via email to fill the dataset presented in Table 4 . The variation among inclusion criteria used by individual studies also represents a challenge in data aggregation and meta-analysis procedures. As no 2 studies reported identical criteria, it was not possible to group studies for analysis on the basis of age or other factors such as trochlear dysplasia or TT-TG distance. Instead, these results exhibit the overall efficacy of isolated MPFL reconstruction in a variety of patient populations, which might suggest increased generalizability of the current report.
CONCLUSION
This systematic review and meta-analysis demonstrates that both subjective and clinical outcomes are excellent after isolated MPFL reconstruction, as evidenced by the pooled Kujala score, rate of return to play, and rate of postoperative recurrent instability. A wide range of criteria has been used to select patients for this procedure, with common features including prior failure of nonoperative treatment and specific anatomic features such as a normal Q angle, lack of severe trochlear dysplasia, TT-TG distance \20 mm, and normal patellar height. Given the efficacy of isolated MPFL reconstruction, future investigations should aim to establish more uniform criteria for selecting patients to undergo this procedure. Studies should also incorporate long-term clinical outcomes that include performance-based measures as well as patient-reported measures to further characterize the neuromuscular pathophysiology of patellar instability and potential negative outcomes such as patellofemoral degeneration.
